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During the development of the anterior segment of the eye, neural crest mesenchyme cells migrate between the lens and
the corneal epithelium. These cells contribute to the structures lining the anterior chamber: the corneal endothelium and
stroma, iris stroma, and trabecular meshwork. In the present study, removal of the lens or replacement of the lens with a
cellulose bead led to the formation a disorganized aggregate of mesenchymal cells beneath the corneal epithelium. No
recognizable corneal endothelium, corneal stroma, iris stroma, or anterior chamber was found in these eyes. When the lens
was replaced immediately after removal, a disorganized mass of mesenchymal cells again formed beneath the corneal
epithelium. However, 2 days after surgery, the corneal endothelium and the anterior chamber formed adjacent to the lens.
When the lens was removed and replaced such that only a portion of its anterior epithelial cells faced the cornea,
mesenchyme cells adjacent to the lens epithelium differentiated into corneal endothelium. Mesenchyme cells adjacent to
lens fibers did not form an endothelial layer. The cell adhesion molecule, N-cadherin, is expressed by corneal endothelial
cells. When the lens was removed the mesenchyme cells that accumulated beneath the corneal epithelium did not express
N-cadherin. Replacement of the lens immediately after removal led to the formation of an endothelial layer that expressed
N-cadherin. Implantation of lens epithelia from older embryos showed that the lens epithelium maintained the ability to
support the expression of N-cadherin and the formation of the corneal endothelium until E15. This ability was lost by E18.
These studies provide evidence that N-cadherin expression and the formation of the corneal endothelium are regulated by
signals from the lens. N-cadherin may be important for the mesenchymal-to-epithelial transformation that accompanies the
formation of the corneal endothelium. © 2000 Academic Press
Key Words: lens; cornea; corneal endothelium; corneal stroma; neural crest; anterior chamber; organizer; N-cadherin;
epithelial–mesenchymal transformation.c
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In chicken embryos the tissues that surround the anterior
chamber, the cornea, the anterior chamber angle, and the
iris stroma, are formed by successive waves of neural crest
cells that migrate between the lens and the corneal epithe-
lium between E4 and E7 (Hay, 1980; Johnston et al., 1979).
The normal development of the cornea has been studied
extensively (Hay, 1980; Hay and Revel, 1969). Less is
known about the formation of the other neural crest-
derived tissues bordering the anterior chamber.
Neural crest cells migrate to the margin of the optic cup
by stage 18 (E3) of chicken embryo development, where
they pause for approximately 1 day. At stage 23 (E4) the
424ells closest to the lens begin to migrate between the lens
nd the corneal epithelium. The lens capsule and the
rimary corneal stroma, an extracellular matrix secreted by
he corneal epithelium, serve as substrates for this migra-
ion (Bard and Hay, 1975; Bard et al., 1975). By stage 26 the
cells form a simple cuboidal epithelium, the corneal endo-
thelium, that separates the primary corneal stroma from
the lens. A second wave of migration begins at stage 27 (E6)
when neural crest cells invade the primary corneal stroma
(Fitch et al., 1998). By stage 30 (E7) these cells populate the
entire stroma, where they become the keratocytes of the
mature cornea. The anterior chamber, the fluid-filled space
between the lens and the corneal endothelium, expands on
E6 and enlarges around its lateral margins beginning on E7.
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425The Lens Organizes the Anterior Segment of the EyeCells at the anterior chamber angle, the point where the
anterior surface of the iris meets the lateral margin of the
corneal endothelium, begin to differentiate into the trabec-
ular meshwork beginning on E9 (Renard et al., 1980). Thus,
he major cell types bordering the anterior chamber appear
o be specified by E9, although these tissues continue to
ature until hatching (Hay, 1980; Renard et al., 1980).
The lens is believed to be important in the formation of
ll three layers of the cornea, although its role in the
ormation of the corneal epithelium has been the subject of
ebate. Early experiments suggested that the lens induced
r was required for the formation of the corneal epithelium
Lopashov and Stroeva, 1961). These conclusions, which
ere based on interpretation of histological sections, have
een questioned (Genis-Galvez et al., 1967; Hay, 1980).
larification of the factors required for the formation of the
orneal epithelium may require the use of specific molecu-
ar markers for this tissue (Cai et al., 1997; Hay, 1980;
oroma et al., 1997; Zak and Linsenmayer, 1983).
In contrast to uncertainty about the role of the lens in
pecifying the corneal epithelium, substantial evidence has
ccumulated showing that the lens is necessary for the
ormal development of the neural crest-derived compo-
ents of the cornea: the endothelium and the stroma. When
he lens was removed and replaced after being rotated so
hat the lens epithelium faced away from the cornea,
esenchymal cells migrated into the space between the
ens and the corneal epithelium. Differentiation of the
orneal endothelium was delayed until the lens epithelium
eformed at the surface of the lens adjacent to the cornea
Genis-Galvez et al., 1967). Zinn later showed that after
emoval of the lens from chicken embryos on E4 the cells
hat migrated between the lens and the cornea formed a
ultilayered aggregate without an identifiable endothelial
ayer (Zinn, 1970). In these eyes the extracellular matrix of
he corneal stroma contained disorganized collagen fibers of
eterogeneous diameter that were similar in size and orga-
ization to those found in the opaque sclera of the eye. This
rganization was distinct from the regular lamellar distri-
ution of uniform collagen fibers characteristic of the
ormal transparent corneal stroma. Finally, Zak and Lin-
enmayer cultured anterior eye segments on the cho-
ioallantoic membrane after removing the lens. When cul-
ures were established early in eye development, an antigen
pecific for corneal stromal cells was not expressed. Cul-
ures established later in development, after the formation
f the corneal endothelium, no longer required the presence
f the lens for the expression of this antigen (Zak and
insenmayer, 1985a).
The present studies provide additional evidence that
ubstances produced by the lens epithelium regulate the
ormation of the corneal endothelium and the anterior
hamber. Lens epithelia from embryos up to E15 were able
o promote the formation of the corneal endothelium in E4
yes from which the lens had been removed. Lens epithelial
ells lost the ability to support the formation of an endo-
helium by E18. The cell adhesion molecule, N-cadherin, Z
Copyright © 2000 by Academic Press. All rightas expressed during the formation of the corneal endothe-
ium and N-cadherin expression depended on signals from
he lens epithelium. Based on these results we suggest that
-cadherin may be important for the mesenchymal-to-
pithelial transformation that occurs during the formation
f the corneal endothelium.
MATERIALS AND METHODS
Surgical procedures. Fertile chicken eggs were obtained from
Truslow Farms (Chestertown, MD) and incubated in a forced-draft
incubator at 38°C. Embryos were staged (Hamburger and Hamil-
ton, 1992) and lenses were removed from embryos between stages
22 and 23 (E4). After tearing the chorion and the amnion, an
incision was made in the dorsal posterior of the optic cup with the
points of sharpened No. 55 forceps or with a microsurgical knife
(Storz Laseredge, 22.5° blade angle, St. Louis, MO). The posterior of
the lens was grasped with fine forceps and removed through the
incision by gently pulling the lens away from its adhesion with the
margin of the optic cup. Lenses were inspected to assure that no
tissue from the margin of the optic cup adhered to the lens. The
lens was either returned to its original position or discarded.
Control experiments involved implanting a cellulose bead (250–
500 mm; Sigma Chemical Co., St. Louis, MO) in place of the
original lens. In some experiments the lens epithelium was dis-
sected from lenses obtained from E8, E15, or E18 embryos, cut into
segments of appropriate size, wrapped around a cellulose bead with
the lens capsule facing away from the surface of the bead, and
implanted into E4 eyes in place of the original lens. After surgery
embryos were incubated for 1 to 6 days. Eyes were fixed in 10%
neutral-buffered formalin for 1–2 h and examined by immunocy-
tochemistry.
Immunocytochemistry. Anterior halves of operated and con-
trol eyes were embedded in a mixture of acrylamide and low-
melting-point agarose in a modification of published methods
(Germroth et al., 1995). Tissues were transferred to 1 ml of 10%
acrylamide/bisacrylamide (40% stock, 37.5:1 acrylamide/bisacryl-
amide; Fisher Scientific, Fair Lawn, NJ) in PBS in a 5-ml plastic
microbeaker (Fisher Scientific) in a 45°C water bath for 10–15 min
and then mixed thoroughly with 3 ml of 4% melted low-melting-
point agarose in PBS by triturating 3–4 times with a plastic transfer
pipet. To polymerize the acrylamide, 100 ml of 2% ammonium
ersulfate was added and mixed thoroughly by triturating. Samples
ere immediately removed from the water bath and the embryos
ere oriented before polymerization began. Once the polymeriza-
ion of the acrylamide was sufficient to stabilize the position of the
mbryo the sample was returned to the water bath for 10–15 min
o complete polymerization and then placed in an ice bath to
arden the agarose. Blocks were removed from the plastic beakers,
rimmed, and sectioned at 100 mm in a tissue slicer (Electron
icroscopy Sciences, Fort Washington, PA). Slices were stained
nd washed in plastic capsules with mesh bottoms (Netwells,
lectron Microscopy Sciences). Primary antibodies were diluted in
.5% Triton X-100, 10% horse serum in PBS. Sections were stained
n primary antibody for 2–3 h; washed for at least 1 h in PBS/0.5%
riton X-100 with at least three changes of wash buffer; reacted
ith tetramethyl rhodamine- or lissamine rhodamine-labeled don-
ey anti-mouse IgG (Jackson Immunoresearch, West Grove, PA;
:200) in 10% horse serum; washed; mounted in 1:1 PBS:Vecta-
hield (Vector Laboratories, Burlingame, CA); and viewed with a
eiss LSM 410 confocal microscope (Carl Zeiss, Inc., Thornwood,
s of reproduction in any form reserved.
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426 Beebe and CoatsNY). Primary antibodies used in these studies were mouse mono-
clonals to N-cadherin (1:200 anti-A-CAM; Sigma Chemical, clone
GC-4) or to an antigen found only in the corneal stroma (clone 6F3,
gift of Dr. Thomas Linsenmayer, Tufts University, Boston, MA).
Specific fluorescence was discriminated from tissue autofluores-
cence by digital subtraction. Specific staining was detected in the
rhodamine (red) channel of the microscope (excitation at 568 nm)
and nonspecific autofluorescence in the fluorescein (green) channel
(excitation at 488 nm). The green image was subtracted from the
red image and the resulting difference image was stored in the blue
channel. When the three channels were combined specific fluores-
cence appeared purple or magenta against a yellow-green back-
ground of nonspecific fluorescence.
Histological analysis. Operated eyes were fixed in formalin,
dehydrated, and embedded in Historesin II. Sections were cut at 2
mm and stained with toluidine blue.
RESULTS
Abnormal Differentiation of Neural Crest Cells
after Lens Removal
One day after removing the lens from the right eye of 11
embryos at stages 21–23 (E4) a thick band of mesenchymal
cells was present between the margins of the optic cup in
the space formerly occupied by the anterior portion of the
lens (Fig. 1A). Cell density was greatest at the interior
surface of the mesenchymal tissue, closest to the vitreous
body. However, the spindle-shaped cells in this region did
not form a confluent epithelial monolayer comparable to
the corneal endothelium in the normal eye. When a cellu-
lose bead was inserted in place of the lens in eight embryos
a thick layer of loose connective tissue was present between
the bead and the corneal epithelium (Fig. 1B). No morpho-
logically identifiable corneal endothelium or anterior
chamber was present in these eyes. The connective tissue
anterior to the bead was often vascularized. Since the
normal corneal stroma is avascular, the presence of capil-
laries in this region was an indication that stromal devel-
opment was abnormal (Fig. 1B and 2B). Six days after
removal of the lens the connective tissue beneath the
corneal epithelium did not stain or stained only weakly
with monoclonal antibody 6F3, which reacts with an anti-
gen specific for the corneal stroma (Fig. 2B) (Zak and
Linsenmayer, 1983). In contrast, contralateral unoperated
eyes showed strong staining for this antigen (Fig. 2A).
Operations in which the lens was removed and then
immediately replaced in the eye provided further infor-
mation about the role of the lens in corneal development.
Eighteen embryos from stages 21–23 were operated on in
this manner. One day after surgery the space between the
lens epithelium and the primary corneal stroma was
filled with disorganized mesenchyme (Fig. 3A). Depend-
ing on the amount of bleeding that accompanied surgery,
erythrocytes were sometimes scattered between these
mesenchyme cells. No layer resembling the corneal en-
dothelium was present at this time. Two or three days
after surgery the anterior chamber and an epithelial layer c
Copyright © 2000 by Academic Press. All rightesembling the corneal endothelium formed (Fig. 3B). In
ome cases this layer of epithelial cells was partially
uplicated, suggesting that an excess of cells had been
timulated to form endothelium (Fig. 3B). In five cases
he lens was rotated from its normal orientation during
einsertion into the eye such that only a portion of the
ens epithelium faced the developing cornea. Some of the
esenchyme cells that migrated anterior to these lenses
FIG. 1. Abnormal morphogenesis of the anterior segment in the
absence of the lens. (A) One day after removal of the lens loose
mesenchyme filled the space beneath the primary corneal stroma.
Cells at the inner surface of this tissue were spindle shaped. (B)
Three days after a cellulose bead was implanted in place of the lens
a thickened mesenchyme filled the space between the bead and the
corneal epithelium. No anterior chamber or corneal endothelium
formed. Capillaries were present in the mesenchyme (arrowhead).
ce, corneal epithelium; ps, primary corneal stroma; o, margin of the
optic cup; b, cellulose bead. Scale bars: A, 25 mm; B, 50 mm.ame to lie close to lens epithelial cells and the others to
s of reproduction in any form reserved.
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427The Lens Organizes the Anterior Segment of the Eyelens fiber cells. When these eyes were examined 2 or 3
days after surgery an organized corneal endothelium had
formed from cells located closest to the lens epithelium.
The cells adjacent to lens fibers did not form an endothe-
lial layer (Fig. 3C). In the eye shown in Fig. 3C the
anterior chamber is present adjacent to the lens epithe-
lium and the anterior chamber angle appears to be
forming. On the opposite side of the eye, where mesen-
chyme cells were adjacent to lens fibers, no anterior
chamber or corneal endothelium formed and no anterior
FIG. 2. The differentiation of the corneal stroma was abnormal
after removal of the lens. (A) The monoclonal antibody 6F3 stained
the corneal stroma in the normal eye at E10. Staining was restricted
to the posterior portion of the stroma and was not detected in the
pericorneal connective tissue or in other parts of the eye. (B) The
contralateral eye from the same embryo. The lens was removed
from this eye at E4. No staining was detected with antibody 6F3.
Capillaries were present throughout the tissue. c, capillaries; cs,
corneal stroma; ac, anterior chamber; i, iris stroma; l, lens; o,
margin of the optic cup. Scale bars: 100 mm.chamber angle was present (not shown).
Copyright © 2000 by Academic Press. All rightThe observations described above suggested that the
ormation of the corneal endothelium involves a
esenchyme-to-epithelium transformation. A change in
he expression of members of the cadherin family of cell
dhesion molecules is believed to play a role in switching
FIG. 3. Morphogenesis of the anterior segment after removal and
replacement of the lens. (A) One day after lens removal the space
between the lens and the corneal epithelium was filled with a loose
mesenchyme. Erythrocytes from bleeding during surgery were also
present. (B) Two days after surgery an endothelial layer formed
from the cells nearest the lens. In the case shown this layer was
partially duplicated (arrowheads). Swollen erythrocytes and granu-
lar extracellular material were present in the space between the
lens and the endothelium, the anterior chamber (asterisk). (C)
When the lens was rotated 90° during replacement an endothelial
layer and an anterior chamber (asterisk) formed adjacent to the lens
epithelium, but not adjacent to the lens fibers. The white arrow-
head marks the boundary between the lens epithelial cells and the
lens fibers. ce, corneal epithelium; cs, corneal stroma; le, lens
epithelium; lf, lens fibers; o, margin of the optic cup; m, periocular
mesenchyme; r, a fold of retina displaced during surgery. Scale bars:
A, 25 mm; B, 10 mm; C, 25 mm.
s of reproduction in any form reserved.
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428 Beebe and Coatsbetween epithelial and mesenchymal phenotypes (Hatta
and Takeichi, 1986; Hay, 1995; Nakagawa and Takeichi,
1998; Thiery et al., 1988; Vanderburg and Hay, 1996).
revious studies showed that chicken embryo corneal en-
othelial cells express N-cadherin at E12 (Lagunowich and
runwald, 1989). We found that an antibody specific for
-cadherin labeled corneal endothelial cells after E5 (data
ot shown).
Control of N-cadherin Expression by the Lens
To test whether N-cadherin expression in the cells that
form the corneal endothelium was dependent on the pres-
ence of the lens, lenses were removed from 15 embryos at
stage 22 or 23 (E4) and eyes were fixed, sectioned, and
stained for N-cadherin 2 or more days later. N-cadherin
staining was not detected in the deepest mesenchyme cells,
those adjacent to the vitreous body, or in any region of the
anterior periocular mesenchyme for at least 4 days after
lens removal (Fig. 4A).
In cases in which the lens was removed at stages 20–23
and then immediately replaced in the eye an endothelial
layer containing cells that expressed N-cadherin formed
adjacent to the lens (Fig. 4B). This result demonstrates that
the lens was able to induce N-cadherin expression in the
mesenchymal cells that migrated en mass into the anterior
of the eye after lens removal. In some cases the endothelial
layer was partially duplicated (Fig. 4B), suggesting that an
excess of mesenchymal cells responded to the signals from
the lens.
The Duration of Signaling from the Lens
Epithelium
Lens epithelia at later stages of development were
tested for their ability to induce the formation of a
corneal endothelium and the expression of N-cadherin.
Sheets of lens epithelium from E8, E15, or E18 embryos
were dissected, cut into pieces of the appropriate size,
wrapped around cellulose beads, and implanted in place
of the original lens. Three groups of six to eight embryos
received implants of each age. Results were consistent for
all embryos receiving lens epithelia of the same donor
age.
Two days after implanting lens epithelia from E8 em-
bryos a corneal endothelium containing cells that expressed
N-cadherin formed adjacent to the implant (Fig. 5A). Lens
epithelia from E15 embryos were also able to stimulate
formation of an endothelial layer expressing N-cadherin
(Fig. 5B). Lens epithelia from E18 embryos did not induce
detectable amounts of N-cadherin expression and cells
adjacent to these implants did not form an organized
endothelium (Fig. 5C).
Copyright © 2000 by Academic Press. All rightDISCUSSION
Factors from the Lens Induce the Formation of the
Corneal Endothelium and Stroma
Experiments by Genis-Galvez and co-workers provided
evidence that the lens is important for the normal develop-
ment of the anterior segment (Genis-Galvez, 1966; Genis-
Galvez et al., 1967). When these investigators transplanted
a second lens into the anterior of the eye, structures
resembling a cornea and anterior chamber formed adjacent
to the implant. Experiments were also performed in which
the lens was removed, rotated 180°, and reinserted into the
eye (Genis-Galvez et al., 1967). These lenses repolarized,
forming a new epithelial layer over what was previously the
posterior surface of the lens. In several cases a normal
corneal endothelial layer formed adjacent to the reconsti-
tuted lens epithelium.
In the present study, when the lens was rotated 90° and
reimplanted into the eye, the anterior chamber and the
corneal endothelium formed adjacent to the lens epithe-
lium, but not adjacent to the lens fibers. Taken together,
the results of these studies indicate that factors produced by
the lens epithelium stimulate periocular neural crest cells
to differentiate into corneal endothelium.
Previous studies also suggested that the lens was required
for the normal differentiation of the cells of the corneal
stroma. When the cornea and the lens were transplanted
together to the chorioallantoic membrane before stage 28
and cultured for several days, the stromal cells synthesized
an antigen that had previously been shown to be specific for
this tissue (Zak and Linsenmayer, 1983; Zak and Linsen-
mayer, 1985a). Corneas transplanted without the lens
formed a stroma that did not contain this antigen. Trans-
plantation of the cornea without the lens after stage 28
resulted in expression of the stromal antigen. Because the
corneal endothelium is established by stage 28, these au-
thors suggested that the effect of the lens on stromal
differentiation might have been through its role in the
formation of the endothelium. Once the endothelium
formed, it may have been able to support the normal
differentiation of the stroma in the absence of the lens (Zak
and Linsenmayer, 1985a).
The results of the current study extended this conclusion
to the development of the cornea in situ. Using the same
antibody employed by Zak and Linsenmayer, we showed
that removal of the lens at or before stage 23, which
prevented the formation of the corneal endothelium, re-
sulted in the formation of corneal connective tissue that did
not express the stroma-specific antigen. Our studies were
not able to show whether factors from the lens had a direct
effect on stromal differentiation or whether the lens exerted
its influence by supporting the normal differentiation of the
endothelium.
In another series of experiments Zak and Linsenmayer
showed that, when the cornea was cultured in vitro, the
lens was not required for the expression of the antigen
s of reproduction in any form reserved.
429The Lens Organizes the Anterior Segment of the EyeFIG. 4. Endothelium formation and N-cadherin expression after lens removal and replacement. (A) N-cadherin was not detected in cells at the
margin of the mesenchymal mass (arrowheads) or at any other location in the mesenchyme 3 days after lens removal at stage 24. Numerous
capillaries were present in the stroma. (B) When the lens was removed and immediately replaced in the eye an endothelial layer that expressed
N-cadherin formed adjacent to the lens (arrowheads). In this case, a redundant flap of endothelium extended into the anterior chamber. c,
capillaries; ce, corneal epithelium; cs, corneal stroma; le, lens epithelium; lf, lens fibers; o, margin of the optic cup. Scale bars: 25 mm.
FIG. 5. Endothelium formation and N-cadherin expression after removal of the original lens and implantation of lens epithelium from
older chicken embryos. (A) After implantation of the lens epithelium from an E8 embryo an endothelial layer formed (arrowheads)
composed of cells that expressed N-cadherin. (B) After implantation of the lens epithelium from an E15 embryo an endothelial layer formed
(arrowheads) composed of cells that expressed N-cadherin. (C) After implantation of the lens epithelium from an E18 embryo no endothelial
layer was evident and cells adjacent to the lens did not express N-cadherin. le, lens epithelium; o, margin of optic cup. Scale bars: A, 25 mm;
B and C, 50 mm.
Copyright © 2000 by Academic Press. All rights of reproduction in any form reserved.
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However, in this case fetal calf serum or other constituents
of the culture medium not present in vivo could have
stimulated the expression of the stromal antigen. The
results of the current study showed that the lens was
required for the expression of the stromal antigen when
corneal cells developed in situ.
One recent study provides evidence that the lens epithe-
ium is also important for the normal differentiation of the
ornea in the mouse. When the secreted growth factor FGF3
as expressed in the fiber cells of transgenic mice, the lens
pithelial cells elongated and acquired many of the charac-
eristics of lens fiber cells (Robinson et al., 1998). The
formation of fiber-like cells from the epithelium began by
Embryonic Day 13.5, about 2 days before the time when the
corneal endothelium and the stroma normally differentiate
(Haustein, 1983). In these animals the corneal endothelium
did not differentiate and the corneal stroma formed a loose
mesenchyme instead of dense, well-organized connective
tissue. This observation provides further evidence that
embryonic lens epithelial cells, but not lens fibers, have the
ability to support normal corneal differentiation.
Previous studies showed that forced expression of
E-cadherin in cultured chicken embryo corneal stroma cells
caused these cells to adopt many of the properties of
epithelial cells, including the formation of desmosomes
(Vanderburg and Hay, 1996). Based on the results of these in
vitro studies and the in vivo studies presented above, it
seems likely that the induction of N-cadherin expression in
neural crest mesenchyme cells is an important aspect of
their transformation into corneal endothelial cells.
Changes in the Ability of Lens Epithelial Cells
to Induce the Corneal Endothelium
during Development
The present studies showed that lens epithelial cells were
able to induce the formation of corneal endothelial cells
from E4 through E15. This suggests that factors from the
lens may continue to influence the differentiation of nearby
neural crest cells long after the initiation of anterior seg-
ment development.
Lens epithelial cells lost the ability to initiate the differ-
entiation of corneal endothelial cells between E15 and E18.
Previous studies showed that chicken embryo lens epithe-
lial cells lose much of their embryonic plasticity late in
embryogenesis. For example, lens epithelial cells from E6 or
E15 embryos elongated to form lens fiber cells and slowed
their rate of proliferation when cultured in serum-
containing medium. However, lens epithelial cells from
E19 embryos failed to elongate and proliferated more rap-
idly when cultured under the same conditions (Piatigorsky
and Rothschild, 1972). Similarly, E6 lens epithelial cells
cultured in serum increased their synthesis of d-crystallin, a
marker of lens fiber cell differentiation (Beebe and Piatigor-
sky, 1977; Milstone et al., 1976), while E19 epithelial cells
did not (Beebe and Piatigorsky, 1977). Therefore, loss of the
Copyright © 2000 by Academic Press. All rightability to induce corneal endothelial cells late in embryo-
genesis may be part of a more general program of lens
epithelial cell maturation.
We know of no signaling molecules produced by lens
epithelial cells and not by surrounding mesenchymal cells
at the time when the corneal endothelium is induced.
Identification of molecules secreted by lens epithelial cells
at E15 or earlier, and not by lens epithelial cells at E18, may
provide a means to identify the factor or factors that
regulate corneal differentiation.
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